Paper partition chromatography, first described by Consden, Gordon & Martin (1944) , has proved an effective method for separating the simpler chemical compounds from complex mixtures such as protein hydrolysates and for identifying them on a microscale. So far, paper partition chromatography has been used chiefly in the analysis of amino-acids, carbohydrates, purines, nucleic acids, organic acids, vitamins and other substances of biological importance. Very little is recorded in the literature on the application of this technique or of adsorption chromatography on paper to the study of enzymes, except the recently published reports by Franklin & Quastel (1949) , Mitchell, Gordon & Haskins (1949) and Reid (1950) . Franklin & Quastel (1949) have reported their preliminary investigations on the enzyme urease. They studied the movement of this enzyme on paper, using a cysteine-glycine solution as the developing solvent and determined the activity of the enzyme on paper, manometrically. They showed that the movement of the enzyme on paper can be followed by this technique, without the enzyme losing its activity during the experiment. However, they did not attempt to separate enzymes by this technique. Mitchell et al. (1949) made use of the 'chromatopile' (a pile of filter-paper disks) for the separation of the constituents of takadiastase preparations, by placing the enzyme mixture near the top of the filter-paper pile and fractionating by a process involving solubility in a concentration gradient. The bottom of the glass chamber was covered with the aqueous solution to maintain suitable conditions of humidity. The solvent was then poured into the glass trough and allowed to spread down the paper sufficiently far beyond the starting line. Usually the chromatogram was allowed to run until the solvent had advanced about 20 cm. from the starting line. Approximately 4-8 hr. run was sufficient in most cases. With n-butanol as solvent, however, about 16-20 hr. were necessary for the solvent front to travel the same distance as the other solvents. After the solvent had travelled a convenient distance, the paper strip was removed and the limit of excursion of the solvent marked. The paper was allowed to dry at room temperature. The position of the enzymes on the paper was located as follows.
Identification of enzyrmes on the paper
The agar-substrate media used for the detection of the various enzymes consisted of 2 g. agar-agar, with the following additions, made to final volume 100 ml. with water.
Amylases. 'Soluble starch,' 1 g. (British Drug Houses Ltd.) and 30 ml. of 0-2M-sodium acetate buffer (pH 4.6) for sweet-potato amylase or 30 ml. of 0-067M-phosphate buffer (KH2PO4 +Na2HPO4; pH 7.0) for salivary and Aspergillu8 niger amylases.
Phosphata8es. Sodium phenolphthalein phosphate (0-1 g.) and 30 ml. of 0 02M-sodium acetate buffer (pH 5.2) for acid phosphatase or 30 ml. of 0-Im-sodium glycine buffer (pH 9.2) containing also 0.58% (w/v) NaCl for alkaline phosphatase.
Phosphorylases. Glucose-i-phosphate, 0-2 g. (K; salt) and 30 ml. of 0-2me-sodium citrate buffer (pH 6 0).
The mixtures were usually made after autoclaving the agar solution. The agar-substrate medium, while still hot, was poured on a glass plate 16 by 8 in. This was allowed to cool. The dried paper-strip chromatogram was laid gently on the agar plate and allowed to remain on it for 4-12 hr.
at room temp. (20-30o), depending on the activity of the enzyme. The paper was then removed gently without disturbing the surface of the agar layer and the surface was flooded with the appropriate reagent. Iodine solution (0.01 N) was used for the detection of amylases and phosphorylases and 0-1 N-NaOH for the detection of phosphatases. We could also locate the position of phosphatases by locating the inorganic P formed by their action on sodium glycerophosphate. It was, however, found that clear spots were obtained using phenolphthalein-phosphate as substrate. The positions of the enzymes on paper were clearly indicated by the formation of coloured or colourless spots on the agar plate. The presence of ,B-amylase or a-amylase was indicated by the formation of violet or colourless spots respectivelyagainst a blue background. Phosphorylase produced a blue spot while phosphatases produced pink spots against a colourless background. The position of the enzymes on the paper was also indicated by spraying the above reagents on the paper itself. It was, however, found that well-defined and clear spots were best obtained on the surface of the agar plate.
For locating on the same chromatogram enzymes which hydrolyse the same substrate at different pH's (such as the alkaline and acid phosphatases) or act on different substrates (like phosphorylase and amylase) the paper was cut into strips longitudinally, each carrying the enzyme concerned. The strips were then placed on the agar plate containing suitable substrate and adjusted to suitable pH.
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The choice of developing solution for the chromatography of enzymes is rather limited on account of the labile nature of enzymes. It appeared probable that the movement of enzymes on paper might be obtained by using the ordinary solvents employed for precipitating enzymes. Aqueous acetone, aqueous ethanol and saline solution were, therefore, chosen for trial. n-Butanol saturated with water was also tried, as it was found to have no deleterious effect on the enzymes. After a series of trials with all these solvents mixed in various proportions with water, it was found that aqueous acetone (20-50%, v/v) and sodium chloride (2-20 %, w/v) proved the most useful developing agents for the separation of some of the enzymes investigated. The enzymes did not travel at all when n-butanol saturated with water was used as solvent.
RESULTS

Movement of enzymes in various developing solutions
The technique described was first applied to the study of the movement of various important enzymes and later extended to the resolution of the individual enzymes in mixtures and in extracts of plant and animal tissues. Table 1 gives the position on the chromatograms of the enzymes from plant and animal tissues and blood sera in various developing solutions. The Bp values (Consden et al. 1944 ) represent the average of several experiments. This table is intended to serve as a guide to the relative positions ofthe enzymes on paper, under the experimental conditions. The movement of the enzymes is influenced by the nature of the accompanying substances present in the enzyme preparations employed, the concentration of the enzyme, the nature of the developing solution and other unknown factors.
It will be apparent from the data given that some of the enzymes investigated have high RP values while others do not show any movement at all. Aqueous ethanol (50 %, v/v), acetone (50 %, v/v) and NaCl solution (2 %, w/v) bring about the movement of many of the enzymes investigated.
fi-Amylase (from sweet potato), amylase from A. niger, phosphorylase from green gram and amylase from germinated rice show considerable movement, while z-amylase (salivary) does not move at all. One of the alkaline phosphatases of kidney and the alkaline phosphatases of rat and human sera also do not show any movement. Solvents such as n-butanol and acetone containing very little water do not bring about the movement of the enzymes.
Chromatography of mixtures of enzymes
The observation that enzymes move on paper without losing their activity and that the rate of movement differs from one enzyme to another depending on their degree of aggregation and the strength of association with other proteins and accompanying substances indicates the basis for a chromatographic separation of enzymes. The technique described above may, in fact, be applied to the separation of enzymes from one another, and examples of the separation of enzymes which has so far been achieved in preliminary investigations are given below.
Separation of cc-amylase (salivary) and amylase from A. niger. We have succeeded in separating the components of such a mixture, using aqueous acetone (50%, v/v) as the developing solvent. A typical chromatogram of a mixture of these two amylases is shown in Fig. 1 from sweet potato renders the separation of these two enzymes from one another somewhat difficult at the present stage. Amylaoeefrom germinated rice. Similarly, clear separation of amylases occurring in aqueous extracts of germinated rice into two enzymes, one having no movement at all and the other having an RF value of 0-67 was achieved using NaCl solution (Fig. 2) . We have not as yet been able to characterize these two amylases. (Fig. 3) . Further investigation is in progressi on the characterization of the two alkaline phosphatases which have been chromatographically shown to be quite distinct from one another. Pending further knowledge of the nature of these phosphatases it is proposed to name them as stationary and mobile phosphatases.
Liver pho8phatasee. The examination of the chromatograms (Fig. 3) V0l. 5 I
